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CONVERSION FACTORS AND VERTICAL DATUM

The inch-pound system of units is used in this report. For those readers
who prefer metric (International System) units, [the conversion factors for the
terms used in this report are listed below:

Multiply inch-pound unit By To obtain metric unit
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year
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foot per day (ft/d) 0.3048 meter per day
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WATER RESOURCES OF BORREGO VALLEY AND VICINITY
SAN DIEGO COUNTY, CALIFORNIA

PHASE 2--DEVELOPMENT OF A GROUND-WATER FLOW MODEL

By Hugh T. Mitten, Gregory C. Lines,
Charles Berenbrock, and Timothy J. Durbin

ABSTRACT

Recharge to the three-aquifer ground-water system in Borrego Valley is
due almost entirely to infiltration of intermittent streamflow and is
estimated to average about 4,800 acre-feet per year. During 1946-79, net
ground-water pumpage (that part of the pumpage actually consumed) ranged from
about 1,700 to 13,700 acre-feet per year. The ground water was used mainly
for irrigation. Because of the 1imbalance between recharge and pumpage,
ground-water levels declined as much as 100 feet in some areas of the valley
during 1945-80,

As an aid to analyzing the effects of pumping on the ground-water system,
a three-dimensional finite-element ground-water flow model was developed. The
model was calibrated for both steady-state (1945) and transient-state
(1946-79) conditions.

For the steady-state calibration, hydraulic conductivities of the three
aquifers were varied within reasonable limits to obtain an acceptable match
between measured and computed hydraulic Theads. During steady-state
conditions, recharge from streamflow infiltration (4,800 acre-feet per year)
was balanced by computed evapotranspiration (3,900 acre-feet per year) and
computed subsurface outflow from the model area (930 acre-feet per year).

The volumes and distribution of net ground-water pumpage were estimated
from land-use data and estimates of consumptive use for the various irrigated
crops. The pumpage was assigned to the appropriate nodes in the model for
each of seventeen 2-year time steps representing the transient-state period
(1946-79). For transient-state calibration, the specific yields of the three
aquifers were varied within reasonable limits to obtain an acceptable match
between measured and computed hydraulic heads. During the transient-state
period, ground-water pumpage input to the model was compensated by declines in
both the computed evapotranspiration and the amount of ground water in
storage.



INTRODUCTION

San Diego County is developing plans to assure an adequate water supply
for Borrego Valley, a small valley in the northeastern part of the county
about 50 miles northeast of San Diego (fig. 1).| The principal source of water
for the wvalley historically has been ground water. During 1945-80,
ground-water levels declined as much as 100 feet in some areas (Moyle, 1982),
mainly in response to pumping for irrigation.  Since about 1950, pumpage has )
exceeded the long-term rate of recharge to the valley ground-water system,
This stress has made careful management of available ground-water resources
necessary to best meet the future water needs of Borrego Valley.

An evaluation of ground-water conditions [in Borrego Valley was made by
the U.S. Geological Survey in cooperation with the County of San Diego and the
California Department of Water Resources. Phase 1 of the study, completed in
1982 (Moyle, 1982), concentrated on collecting basic geohydrologic information
for the Borrego Valley area in order to develop a conceptual model of the
ground-water system. Phase 2, described in this report, consisted of the
development of a three-dimensional finite-element ground-water flow model that
can be wused to analyze historic and future effects of pumping on the
ground-water system. Development of the |digital model 1led to some
modifications of the original conceptual moddl of the ground-water system
(Moyle, 1982). Also, improved estimates of |ground-water recharge and the
historic volumes and distribution of ground-water pumpage allowed refinement
of an initial digital model of the valley devédloped by Durbin and Berenbrock
(1985).

PHYSICAL SETTING AND CLIMATE

The modeled area includes about 110 mi? | of Borrego and Lower Borrego
Valleys (fig. 1). Coyote and San Felipe Creeks are the major streams in the
area, but they are dry many days each year Borrego Valley 1lies at an
altitude higher than that of the Salton Sea tq the east, and much lower than
that of Collins Valley to the northwest. The |topography surrounding Borrego
Valley is characterized by steep-sided mountaipns that range in altitude from
1,000 to 5,000 feet above sea level, Borrego Valley is bounded on the north
and east by Coyote Mountain and the Borrego Bddlands, on the south by Sunset
Mountain and Pinyon Ridge, and on the west by high range of mountains that
includes Hot Springs and San Ysidro Mountaing. San Felipe Creek forms the
boundary separating Borrego Valley from Lower Borrego Valley.

Borrego Valley has an arid climate that is characterized by hot summers
and cool winters. The average annual precipitation ranges from about 3 inches
on the valley floor to 16 inches in the high| mountains to the west (Rantz,
1969). Free-water—surface evaporation, such as from a shallow lake, ranges
from 60 to 70 inches per year in Borrego | Valley (National Oceanic and
Atmospheric Administration, 1982).















































































